system to predict survival in patients with HCC. (1) (2) (3) However, several studies have pointed out that this staging system has several prognostic limitations, mainly among patients belonging to BCLC stage B and C due to their heterogeneity (4) ; the controversial prognostic role of Eastern Cooperative Oncology Group (ECOG) performance status (PST), which can be influenced by liver function, cancer symptoms, or comorbidities other than cirrhosis (5) ; and the lack of statistical prognostic weighting attributed to different relevant factors, such as tumor status, liver function variables, and ECOG PST. (6, 7) Recently, a multicenter Italian study group proposed a new prognostic system for patients with HCC, the Italian Liver Cancer (ITA.LI.CA) system. (8) Its main feature is to re-establish the prognostic centrality of tumor staging. In fact, the core component of the ITA.LI.CA prognostic system was defined as "ITA.LI.CA tumor staging" and was based on four main stages: 0, A, B, and C (Table 1) . These stages are similar to the BCLC stages but were designed to have some relevant differences from the latter in order to avoid several confusing aspects: a) ITA.LI.CA stages were based only on tumor characteristics (i.e., ECOG PST and Child-Turcotte-Pugh (CTP) classes did not contribute to stage definition); b) single tumor >5 cm was considered in the intermediate stage, regardless of the treatment received, and was based on published data and clinical knowledge. (4, 6) Patients in B stage were further stratified into three substages, B1, B2, and B3 (Table 1) ; patients with HCC with extrahepatic vascular invasion or metastases were included only in stage C, while patients with intrahepatic vascular invasion were placed in stage B3. (4, 9) The centrality of ITA.LI.CA tumor staging is important because it has the potential to be useful for therapeutic recommendations and designing clinical trials. However, as stated in the original paper, this tumor staging risks a suboptimal prognostic accuracy at an individual level because it does not consider liver function or patient general condition-related variables. (8) For these reasons, the authors integrated ITA.LI.CA tumor staging with the Child-Turcotte-Pugh score (CTPS), ECOG PST, and serum alpha-fetoprotein (AFP) values in a multivariable survival model. All these variables were statistically weighted to create a final 0-13 point score (ITA.LI.CA integrated prognostic system) for individual prognostic prediction (8) ( Table 1) .
The ITA.LI.CA prognostic system was created using a strong statistical methodology in a large Italian cohort of patients (i.e., using training and validation sets) and then validated in an external large cohort from Taiwan. In the original paper, it performed better than other available systems. (8) However, for the introduction in the clinical practice of this system, its external validation in an independent study is strongly recommended. The aim of this study was to externally and independently validate the ITA.LI.CA prognostic system value in a large multi-institutional cohort of Western patients, mirroring HCC management in real life.
Patients and Methods

STUDY GROUPS
We analyzed prospectively collected data of 1,508 consecutive patients with HCC who had been recruited between 2008 and April 2016 at 27 Italian institutions participating in the Hepatology-HCC (EpaHCC) project. EpaHCC is an ongoing multi-institutional, infield, large cohort of newly diagnosed HCCs created to specifically validate different prognostic systems of HCC. (10, 11) In April 2016, the project enrolled 1,780 cases whose data had been entered in an ad hocdeveloped electronic database (Airon Telematica, Milan, Italy). At the time of this analysis, complete baseline and follow-up data were available in 1,580 cases.
To avoid the risk of introducing a significant referral bias, centers for liver transplantation or specialized centers of hepatobiliary surgery were excluded from the study. Exclusion criteria were: a) HCC already present at the time this protocol was implemented (September 2008); b) human immunodeficiency virus co-infection; c) absence of cirrhosis or chronic liver disease.
Only patients with a diagnosis of HCC confirmed either by histology or cytology or by typical radiologic appearance were included in the study group. (2, 12) Clinical and treatment-related variables, such as age, sex, etiology of underlying liver disease, presence of ascites and hepatic encephalopathy, main serologic parameters (total bilirubin, creatinine, prothrombin time and/or international normalized ratio, AFP, albumin, platelet count), CTPS, (13) tumor radiologic characteristics (number and size of lesions), ECOG PST, (5) and main treatment strategy (hepatic resection, percutaneous ablation, intra-arterial therapies, or other options) were recorded. ECOG PST was prospectively assessed by clinicians who participated in the EpaHCC project. Tumor number and size, major vascular invasion, and patterns of metastatic diffusion were assessed by imaging (either computed tomography or magnetic resonance imaging). Vascular invasion was classified as intrahepatic and/or extrahepatic following the criteria of the Hong Kong Liver Cancer (HKLC) staging system. (6) In detail, intrahepatic vascular invasion included intrahepatic portal vein branch, left or right portal vein invasion, and main hepatic vein invasion; extrahepatic vascular invasion included main portal trunk and inferior vena cava invasion. No predetermined therapeutic protocols were operative, and clinical decisions regarding patient management were totally dependent on the current clinical practice of each participating center and by locally available resources. HCC treatment was classified in six main therapeutic options: liver transplantation, hepatic resection, ablation (percutaneous alcoholization, radiofrequency, or microwave), intra-arterial therapies, sorafenib, and others (other palliative treatment or best supportive care). Moreover, for each patient the following composite variables were calculated and recorded: BCLC classification, ITA.LI.CA prognostic score, HKLC staging, Cancer of the Liver Italian Program (CLIP) score, Japanese Integrated System (JIS), and model to estimate survival in ambulatory patients with hepatocellular carcinoma (MESIAH) score. (2, (6) (7) (8) 14, 15) In particular, the ITA.LI.CA integrated prognostic score was calculated by a single formula, TSFA, where TS is the tumor stage (points from 0 to 5 for stages from 0 to C), F is the point value of the ITA.LI.CA functional score based on the CTPS and PST (0 points for CTPS of 5 and PST of 0, 2 points for CTPS of 6-7 and PST of 1-2 or CTPS of 8-9 and so on), and A is the AFP point value (0 points for AFP 1,000 ng/mL, 2 points for AFP >1,000 ng/mL) ( Table 1) . Specifically, as exemplified in the original paper, the formula The score ranged from 0 to 13 points. The lowest score (ITA.LI.CA score 5 0) of the model corresponds to the best prognosis, and the highest score (ITA.LI.CA score 5 13) is associated with the worst prognosis. Tumor staging covers the highest prognostic span (from 0 to 5 points), CTPS and ECOG PST from 0 to 3, AFP from 0 to 2.
A22 indicates a patient with stage A HCC with an ITA.LI.CA functional score of 2 and with 2 points for AFP, resulting in a final prognostic score of 5.
DESCRIPTIVE STATISTICS
Baseline characteristics were examined based on frequency distribution; continuous data are presented as median (interquartile range) unless otherwise indicated. Univariate comparisons were assessed using the Student t test, Wilcoxon rank sum test, or chi-squared test as appropriate. Missing data relative to study covariates always involved less than 10% of patients; thus, they were imputed using the maximum likelihood estimation method. (16) Overall survival was defined as the time from the date of HCC diagnosis to the date of death, last follow-up evaluation, or data censoring (April 30, 2016). KaplanMeier survival curves were used to estimate the median, 1-, 3-, 5-, and 8-year overall survival. Survival curves were also stratified according to stage, and the log rank test was used to compare differences in survival.
VALIDATION OF THE ITA.LI.CA PROGNOSTIC SYSTEM
By using survival time as an outcome measure, important criteria for assessing the performance of any prognostic system were the following: 1) agreement between observed and predicted outcomes (calibration); 2) difference in survival time is small among patients classified into the same group by that system (homogeneity); 3) compared with this difference, there are much greater differences in the survival times among patients classified into different groups (discriminatory ability); and 4) mean survival time for a group classified as favorable by that system is always longer than the survival times noted in less favorable groups (monotonicity of gradients). (17) Calibration, homogeneity, discriminatory ability, and monotonicity of gradients were evaluated to measure the prognostic ability of the ITA.LI.CA prognostic system in comparison with that of other systems. (8) In testing calibration, patients were divided into quintiles at the 20 th , 40 th , 60 th and 80 th percentiles of the risk score. Calibration was defined as the graphic agreement between observed outcomes and predictions. (17) ITA.LI.CA quintiles were also used to graphically show the discriminatory ability of the ITA.LI.CA prognostic system over that of BCLC classification.
The homogeneity, discriminatory ability, and the monotonicity of gradients in mortality rates of different prognostic systems were then described using the Akaike information criterion (AIC), the test for trend chi-square, and Harrell's C-index. (17) Briefly, the test for trend (which is more suitable than the log-rank test for measuring both the discriminatory power and monotonicity of gradients across categories) and the AIC test were used for measuring homogeneity. In the AIC test, we used the ordinary prognostic score rather than transforming it into dummy variables; thus, the AIC test can also estimate the monotonicity of gradients.
Harrell's C-index, which requires no assumption of the model, represents the proportion of correct predictions or concordance in all possible pairs of patients. Suppose that in a given pair, patient A has a worse prognostic score than patient B. If the survival time of A is shorter (longer) than that of B, the prediction is concordant (discordant) with the actual outcome. If, on the other hand, one patient is censored earlier than the time of death or census for the other patient, that pair is not counted. (17, 18) A lower AIC value results in higher homogeneity and monotonicity of gradients of the staging system. A higher C-index and the test for trend chi-square result in higher discriminatory ability and monotonicity of gradients of the staging system. To measure whether the performance of the ITA.LI.CA score in terms of homogeneity, discriminatory ability, and monotonicity of gradients was significantly better than that of other systems, (2, (6) (7) (8) 14, 15) we used the likelihood ratio test. Due to the heterogeneity of received treatments, a subgroup analysis for treatment category (i.e., curative versus palliative) was also performed to evaluate and overcome potential time-related biases.
All statistical tests were based on the proportional hazards model. All analyses were carried out with STATA version 13.0 (Stata Corp, College Station, TX) and the JMP package (1989-2010; SAS Institute Inc.). All tests were two-sided, and P < 0.05 was considered statistically significant.
Results
CHARACTERISTICS OF THE STUDY GROUP
The characteristics of the study group are described in Table 2 . The median age of enrolled patients was 71 years with a preponderance of male individuals (72.3%).
The majority of patients were hepatitis C carriers (55.2%), whereas only a minority of patients were hepatitis B carriers (13.9%). A non-negligible proportion of the study cohort (31.1%) had decompensated cirrhosis (CTPS, B-C) and 38% had an ECOG PST >0.
In terms of tumor characteristics (i.e., ITA.LI.CA tumor staging), 246 patients were in the very early stage (16.3%), 472 in the early stage (31.3%), 657 in the intermediate stages (B1 24.6%, B2 7.7%, B3 11.3%), and 133 in the advanced stage (8.8%) (Fig. 1) . Surgery was carried out in 174 patients (liver transplantation 1.1%, hepatic resection 10.4%), ablation in 490 (32.5%), intraarterial therapy in 416 (27.6%), sorafenib in 68 (4.5%), and other palliative therapy/best supportive care in 360 (23.9%). The overall adherence to the BCLC therapeutic algorithm was 56.6%; in particular, adherence to the BCLC algorithm was 65% for liver transplantation, 65% for resection, 66% for ablation, 56% for transarterial chemoembolization, and 73% for sorafenib. The lowest adherence rate was registered for other palliative treatments or best supportive care (36%).
CALIBRATION OF THE ITA.LI.CA PROGNOSTIC SYSTEM
Median duration of follow-up was 44 months (interquartile range, 23-63 months). Median overall survival was 34 months (interquartile range, 13-82 months), and the 1-, 3-, and 5-year overall survival rates were 78%, 48%, and 34%, respectively.
The lowest ITA.LI.CA score (score 5 0) corresponded to the best prognosis, whereas the highest score (score 5 13) was associated with the worst prognosis (Table 3 ; P < 0.0001, log-rank test). To test the prognostic calibration of the ITA.LI.CA score, patients were divided into quintiles at the 20 th , 40 th , 60 th , and 80th percentiles of the risk score. Quintile 1 (Q1) coincided with ITA.LI.CA score 1, quintile 2 (Q2) with score 2, quintile 3 (Q3) with score 3-4, quintile 4 (Q4) with score 5-6, quintile 5 (Q5) with values >6 (Fig. 1) . The calibration of the ITA.LI.CA prognostic system was clearly shown to be optimal in the study cohort because predicted and observed median survivals and survival curves largely coincided for each quintile of the enrolled population (Fig. 1) .
HOMOGENEITY, DISCRIMINATION, AND MONOTONICITY OF GRADIENTS OF THE ITA.LI.CA PROGNOSTIC SYSTEM
To evaluate the discriminatory power of the ITA.LI.CA system, we first described its prognostic Distribution of patients in different points/stages of the prognostic systems and corresponding observed median survivals. Log-rank test, P < 0.0001.
ability by Kaplan-Meier survival curves according to BCLC and ITA.LICA quintiles (Figs. 2 and 3) . The discriminatory ability of the ITA.LI.CA score was better than that of BCLC (AIC, 7,421 for BCLC; AIC, 7,232 for ITA.LI.CA). The discriminatory ability of the ITA.LI.CA system compared with that of other available systems is shown in Table 3 .When the ITA.LI.CA prognostic score was considered (from 0 to 13 points), it showed the best homogeneity, discriminatory ability, and monotonicity of gradients among the most common HCC staging systems (Table 4 ). In particular, the C statistic of the ITA.LI.CA score in the whole study group was 0.77, a value superior to that of the BCLC (0.74), CLIP (0.73), JIS (0.74), MESIAH (0.76), and HKLC (0.75). By using the likelihood ratio test to compare different survival models, the prognostic performance of the ITA.LI.CA system resulted once again as better than that of other systems (P < 0.0001).
The superiority of the ITA.LI.CA score was also confirmed after stratification of the patient population for treatment strategy (curative versus palliative). Only the MESIAH score showed a prognostic performance not significantly inferior to the ITA.LI.CA score (P 5 0.0601) in patients undergoing curative therapies (i.e., surgery and ablation).
Discussion
Prognostic staging of HCC is still a challenge. (1) (2) (3) (4) Several staging systems have been proposed, but none have been universally adopted. The difficulties in constructing an optimal staging system rely on the fact that the outcome of HCC is a composite result mutually influenced by tumor burden, residual function related to the underlying liver cirrhosis, and the general health status (i.e., performance status). (1) (2) (3) (4) In addition, differences in epidemiology and risk factors for HCC in different geographic areas further account for these difficulties and may explain why several validation studies aimed at comparing the prognostic performance of different staging systems yielded conflicting results. (19) (20) (21) Recently the ITA.LI.CA group proposed a new prognostic system, the ITA.LI.CA system, integrating a tumor staging (six main stages: 0, A, B1, B2, B3, and C), a functional prognostic score (based on CTPS and ECOG-PST), and AFP. In the original paper, the ITA.LI.CA system was superior to other multidimensional systems in predicting survival in an internal validation cohort (ITA.LI.CA cohort) and in an external one from Taiwan. (8) In the present study, we proposed the first external and independent validation of the ITA.LI.CA prognostic system in a large real-life Italian cohort (EpaHCC multi-institutional cohort) of newly diagnosed HCCs. In our cohort, the ITA.LI.CA prognostic system offered the best predictive ability in terms of calibration, homogeneity, discriminatory ability, and monotonicity of gradients. (17) The rigorous statistical methodology by which this system was originally (8) may account for its superiority over the other five multidimensional prognostic systems considered in this study (Tables 3 and 4 ). In particular, the ITA.LI.CA system performed better than the BCLC system. This finding is not surprising and parallels the observations reported in two recent comparative studies carried out on Eastern and Western cohorts of HCC. These studies were aimed at comparing the accuracy of different prognostic systems, and the BCLC system performed less well than the CLIP score, which ranked first. (19, 20) The relatively unsatisfying predictive ability of the BCLC classification is probably due to this system being mainly based on data extrapolated from systematic reviews of the literature and/or expert opinions rather than developed by a solid statistical methodology. The ITA.LI.CA system was also superior to the HKLC system in defining the prognosis of our Western population of HCC. This is possibly due to the epidemiologic characteristics of the large Asiatic population on which this latter system was developed (mostly composed of patients infected by the hepatitis B virus [HBV] (6) ). Indeed, the HKLC system is still waiting for a robust validation in Western countries, and its accuracy has been challenged. (22) However, to further increase robustness and exportability of ITA.LI.CA, new independent validations (from different authors) should be performed in the Eastern world where HBV-related HCC is prevalent. These validation studies are highly warranted and should be carried out in the near future.
In the present study, the ITA.LI.CA integrated prognostic score confirmed a high calibration ability. In particular, the expected and observed survival in different score quintiles showed strict correspondence, a finding well in keeping with the findings of the original paper (Fig. 1) .
The performance of any HCC staging system should be interpreted within the specific context in which it was created. Therefore, a full characterization of the examined study population should anticipate the validation process. The ITA.LI.CA and EpaHCC cohorts are comparable as far as median age, etiology of cirrhosis, BCLC stratification, treatment offered, adequate follow-up, and median overall survival are concerned. (8) Moreover, both cohort characteristics are in line with the inherent characteristics of most of the Caucasian cohorts for which other staging systems were tested and validated and strictly reflect the life Each column shows the AIC, C-index, and test for trend chi-square. The lower the AIC value, the higher the homogeneity and the monotonicity of gradients of the prognostic system; the higher the C-index and the test for trend chi-square, the higher the discriminatory ability and monotonicity of gradients of the prognostic system. In addition, in each column the ITA.LI.CA score was compared with other systems by using the likelihood ratio test. Abbreviation: LR, likelihood ratio.
scenario of HCC distribution and management in most European countries. (2) We thus believe that our findings further reinforce the strength and exportability of our validation data. An additional advantage provided by the use of the EpaHCC cohort to validate the ITA.LI.CA system is its representativeness of the current presentation and management of HCC. Indeed, accrual of the EpaHCC cohort started in 2008, while the ITA.LI.CA cohort accrual period covered a larger time span This aspect is not trivial because EpaHCC strongly adds homogeneity in terms of current diagnostic and treatment options, thus limiting the potential for time-related selection bias.
Although the BCLC and ITA.LI.CA systems share a comparable tumor-staging framework, some relevant differences between the two systems deserve mention. First, unlike BCLC, in this new system, tumor stages are based only on oncologic characteristics while ECOG PST and CTPS are not considered. This may, at least in part, overcome the well-known limits of including these two variables when not weighted in a multivariable survival model. Second, ITA.LI.CA tumor stage 0 (Table 1) is clearly defined as a single nodule 2 cm. Conversely, the BCLC stage 0 definition (23) only recently included a single nodule 2 cm, while previous definitions in guidelines (2, 3) included single nodules <2 cm. Third, in an attempt to overcome the limits posed by the large heterogeneity of patients belonging to the BCLC intermediate stage and in keeping with a recent proposal, the ITA.LI.CA system further divided the ITA.LI.CA stage into three substages: B1, B2, and B3. Fourth, the ITA.LI.CA system simplified the stratification of patients harboring large HCC (>5 cm as a threshold), emending the confounding concept of resectability. Fifth, the presence of vascular invasion was better defined dividing thrombosis into intrahepatic and extrahepatic forms, resulting in a more precise calibration of the whole system. Finally, AFP was added to the prognostic score; this marker was used as a categorical variable rather than a continuous one with a cutoff >1,000 ng/mL because this value yielded the best prognostic power in the original survival model from Farinati et al. (8) Treatment per se is also a strong predictor of HCC outcome. Consequently, international guidelines recommend the use of multidimensional systems linking staging with treatment decisions. (2, 3) However, treatment for HCC in cirrhosis is complex, varying widely among different geographic areas and with several therapeutic options being available for each stage. In addition, the high heterogeneity of patients included in any given stage, especially in BCLC intermediate/advanced ones, implies a wide range of possible managing treatments (including no treatment) with a consequent potential for a wide variation of their impact on overall survival. Rigidity of the BCLC therapeutic algorithm as well as its difficulty to be applied in clinical practice have been repeatedly underlined. (10, 24) For these reasons, Farinati et al. (8) decided not to include a prefixed treatment algorithm in their integrated prognostic system. However, in contrast to the original study, we tested the prognostic performance of the ITA.LI.CA prognostic score in patients stratified by curative or palliative treatment. The ITA.LI.CA prognostic system performed better than other systems in patients undergoing curative and those undergoing palliative therapy. In patients treated by curative therapies, the MESIAH score also displayed a good predictive ability with only a marginally significant statistical difference (P 5 0.0601) between the ITA.LI.CA and MESIAH score. However, the main limit of the MESIAH score is that it does not offer tumor staging to guide and assist treatment decisions. Conversely, we did not perform this analysis in single-therapy subgroups for two main reasons: 1) Some treatment subgroups (i.e., liver transplantation, resection, sorafenib) were too small to test the prognostic power of staging systems. 2) All HCC prognostic systems have been developed and designed for general HCC populations, including all different therapeutic options. Consequently, we considered that it was not appropriate to test them as single-therapy subgroups.
A limitation of the present study is its retrospective nature. However, one of the most stringent prerequisites required from each participating center to the EpaHCC project was the consecutive enrollment of patients, and the EpaHCC database was specifically created to validate different prognostic systems in clinical practice. Consequently, each patient at entry was stratified according to staging systems available at that time and followed thereafter. Individual records entered into the database made it possible to stratify patients according to the ITA.LI.CA system as well. These methodologic precautions contribute to minimizing the inherent biases of retrospective studies.
Another limitation is that the present study could not fully assess the role that different treatments for different stages might have had on overall survival. Therefore, further studies are warranted to validate the prognostic value of this scoring system in other welldesigned prospective cohorts.
A final limitation of this study is that the variable "antiviral therapy" for both HBV and hepatitis C virus (HCV) cases was not provided in the EpaHCC database. In particular, in light of the recent introduction of new anti-HCV therapies and their suspected negative role on HCC outcome, (25) the EpaHCC database will be improved by adding antiviral therapy information to analyze its prognostic impact.
In conclusion, our study provides a robust validation of the integrated ITA.LI.CA prognostic system in a large, real-life, occidental cohort of HCC (EpaHCC multi-institutional cohort). In our prospective cohort in which HCV-related HCC is prevalent, the ITA.LI.CA prognostic score was accurate in predicting HCC outcome and performed better than the other staging systems considered. In addition, the predictive accuracy of the ITA.LI.CA system was maintained in both treated and untreated patients. This newly developed staging system has thus several advantages over the other commonly used multidimensional prognostic systems, making it more suitable for HCC prognostication at an individual level.
